ABSTRACT
Introduction
Superior mesenteric artery occlusion (SMAO) shock is a severe pathological process resulting from ischemia/ reperfusion (I/R) injury. Intestinal barrier dysfunction due to intestinal I/R may result in bacterial/endotoxin translocation (BET) and the release of inflammatory mediators/cytokines that cause dysfunction and structural damage in remote organs, thereby leading to the induction of multiple organ dysfunction syndrome (MODS) or even multiple organ failure (MOF) 1-3 , which is a major cause of death. It has been demonstrated that ligation of the mesenteric lymph duct (MLD) may alleviate the dysfunction and morphologic changes in multiple organs in rats with two-hit of hemorrhage and lipopolysaccharide injection 4 , and hemorrhagic shock [5] [6] [7] [8] ; similarly, the mesenteric lymph significantly contribute to the development of irreversible shock after SMAO 9 . In conclusion, the intestinal lymph pathway plays an important role in the pathological process 10, 11 .
Because the MLD has a thin and transparent wall and is adjacent to the superior mesenteric artery (SMA), they can inadvertently be ligated together during the SMAO shock establishment. Thus, the mesenteric lymph after occlusion will return to lymphatic system, and the role of mesenteric lymph reperfusion (MLR) in the pathogenesis of SMAO shock is notable. Previous studies showed that MLR could exacerbate SMAO shock-induced brain damage and decrease the excitatory neurotransmitter level 12, 13 . However, the mechanism needs further research. Several studies have suggested that enterogenous BET was an important mechanism of organ injuries following hemorrhagic shock 14, 15 . Meanwhile, the intestinal lymph pathway has been suggested to be involved in intestinal BET following intestinal ischemia/reperfusion 16 .
Therefore, in the present study, we examined the role of MLR after SMAO on endotoxin translocation, to investigate the mechanism by which SMAO shock induces brain injury.
Methods
All animal procedures were reviewed and approved by the Institutional Animal Care and Use Committee of Hebei North University and conformed to National Institutes of Health guidelines. All efforts were made to minimize suffering of animals.
Twenty-four adult male Wistar rats weighing 280-350 g (provide by the Laboratory Animal Breeding Center of the Chinese Academy of Medical Sciences) were randomly divided into four groups (n = 6 per group): MLR, SMAO, MLR+SMAO and sham groups. Before experimentation, the rats were fasted for 12 h, but were allowed free access to water.
The animals were anesthetized with pentobarbital sodium (50 mg/kg). Under strict aseptic conditions, a 5-cm midline laparotomy was performed. The superior mesenteric artery (SMA) was located by deflecting the loops of the intestine to the left with moist gauze swabs and separated from the accompanying mesenteric lymphatic trunk. In the SMAO group rats, the SMA was occluded for 1 h by placing an atraumatic haemostatic clamp close to its origin in the aorta. This was followed by reperfusion for 2 h. In the MLR group rats, the MLD was peeled away from the surrounding adipose and connective tissue and clamped for 1 h with an atraumatic haemostatic clamp.
This was followed by reperfusion for 2 h. In the MLR+SMAO group rats, occlusion of both the SMA and the MLD for 1 h was followed by reperfusion for 2 h. The sham group rats underwent laparotomy, but the SMA and MLD were not occluded. Figure 1 shows the anatomic distribution of the MLD and SMA, and the experimental methods used in each group.
FIGURE 1 -
The experimental methods used in each group. During the operation, the superior mesenteric artery (SMA) was separated from the mesenteric lymph duct (MLD) (i.e., the mesenteric lymphatic trunk). The SMA and MLD were not occluded in the sham group rats (see the A image); the MLD was clamped in the MLR group rats (see the B image); the SMA was occluded in the SMAO group rats (see the C image); and both the SMA and MLD were occluded in the MLR+SMAO group rats (see the D image).
Preparation of brain homogenate
After reperfusion for 2h, under strict aseptic conditions, the brains were immediately removed for preparation of brain homogenate. A vertical incision was made at the combining site of the left and right hemispheres. Subsequently, the left brain tissue was mixed with nine times the amount of water, and was homogenized using glass homogenizer; then, the homogenate was sealed up to glass tube and stored in a -80°C refrigerator (Thermo Electron, Waltham, MA) for the measurement of endotoxin levels. In accordance with the instructions for measuring bacterial endotoxin levels in the Chinese Pharmacopoeia, all appliances that came into contact with samples or water were treated by sterilization and were pyrogen-free, and the procedure were performed in a safety cabinet (Thermo Electron, Waltham, MA).
Moreover, the right brain tissue was mixed with five times the amount of 4°C normal saline to produce a 16.7%
homogenate using a FJ-200 type high-speed dispersion machine (Shanghai Specimen and Model Factory, Shanghai, China) at low temperature. Next, the supernatant was collected by centrifugation for 10 min at 2.500 rpm using a Labofuge 400R type lowtemperature centrifuge (Heraeus, Hanover, Germany), and was stored at -80°C for the further measurement.
Measurement of endotoxin levels
Before the measurement of endotoxin levels in brain were collected and analyzed automatically using an endotoxin detector. The endotoxin content of each sample was calculated using the standard curve. Similarly, all appliances that came into contact with samples or reagents also were treated by sterilization and were pyrogen-free, and all procedures were performed in a safety cabinet.
Enzyme-linked immunoadsorbent assay (ELISA)
The contents of lipopolysaccharide receptor (CD14), lipopolysaccharide-binding protein (LBP), intercellular adhesion molecule-1 (ICAM-1), and tumor necrosis factor-α (TNF-α) in brain homogenates were measured using rat ELISA kit (antibodies were purchased from R&D Systems, USA), in accordance with the kit instructions after manufacturing a standard curve.
And then, the total protein contents in brain homogenates were determined by Coomassie brilliant blue colorimetric method 17 (Jiancheng Biotechnology Research Institute, Nanjing, China) for the standardization of these indices.
Statistical analysis
All data are expressed as the mean±SD and were analyzed using SPSS version 11.0 software. One-way analysis of variance was used to identify differences within groups, and paired t tests were used to identify differences between groups. The Kruskal-
Wallis test was used to analyze data that was not suitable for oneway analysis of variance. A P value of <0.05 was considered to be statistically significant.
Results

Endotoxin levels in brain tissue
The regression equation for the endotoxin standard curve was Log T = 2.8369-0.2402 Log C (r = -0.9837), where T is the response time and C is the endotoxin content ( Figure   2A ). Figure 2B showed that there was no difference in ET level between the sham and MLR groups; the ET levels in the SMAO and SMAO+MLR groups were significantly increased than that of the sham and MLR groups; meanwhile, the ET level in the SMAP+MLR group was higher than that in the SMAO group.
CD14 and LBP levels in brain tissue
As shown in Figure 3 , the CD14 and LBP levels in brain tissue were comparable in the sham and MLR groups (P>0.05);
in contrast, these indices were significantly higher in the SMAO and MLR+SMAO groups than in the sham group, and were even increased in the MLR+SMAO group (P<0.05).
ICAM-1 and TNF-á levels in brain tissue
There were no significant differences between the sham and MLR groups in ICAM-1 and TNF-α used to assess inflammatory response induced by ET (P<0.05). In comparison with the sham and MLR groups, the ICAM-1 and TNF-α level in the brain tissue from rats in the SMAO and SMAO+MLR groups were significantly elevated.
Moreover, the contents of ICAM-1 and TNF-α were significantly higher in the MLR+SMAO group than in the SMAO group (Figure 4) . It has been reported that increased ICAM-1 plays an important role in polymorphonuclear granulocyte adhesion to vascular endothelial cell subjected to hemorrhage and exposed to lipopolysaccharide, thereby causing inflammatory response and microcirculation disorders 20, 21 . Our data show that reperfusion after ligation of the MLD exacerbates the ICAM-1 level in brain tissue following SMAO shock, which is related to endotoxin translocation. As a result, increased TNF-α appeared, suggesting MLR enhancing the inflammatory cascade of brain through endotoxin translocation in rats subjected to SMAO shock.
In addition, we found that there were no significant differences in these parameters between the MLR and sham groups, indicating that the effect of MLR in physiological relevant condition is no harmful.
Conclusion
Mesenteric lymph reperfusion after superior mesenteric artery occlusion shock exacerbates endotoxin translocation, activates LBP/CD14 as endotoxin sensitizing system, and increases subsequent inflammatory response in brain tissue.
